A model of static bite force during the power phase is used to investigate the relationship between the feeding ecology (herbivorous vs. animalivorous) and biomechanics of the jaw system in four species of lizards. For the analysis the bite model of Herrel et al. (1998) is used. The model calculates both the bite and joint forces and the moments at the quadratosquamosal joint for a range of orientations of food reaction forces. No relative jaw movements during the power phase of biting are observed (based on cineradiography) in any of the examined species, thus excluding grinding mechanisms as an adaptation to a herbivorous diet. However, trends in magnitude and orientation of the joint forces and required and remaining moments at the quadratosquamosal joint are similar in species with similar food preferences. Herbivorous lizards bite harder and show lower joint forces for a given bite force than non-herbivorous species do. It is argued that this difference might be a more general characteristic of herbivorous lizards and that a high bite force has an adaptive value for these species. Whereas, in lizards, dental grinding mechanisms are presumably not a prerequisite for a herbivorous diet, adaptations of the digestive apparatus and the development of a relatively high bite force probably are. Additionally it is argued that the shift of the insertion site of the temporal ligament can be considered as a preadaptation for herbivory in lizards. A hypothetical transformation series of the bauplann of the skull departing from a basic lepidosaurian stock and leading to the skull system in extant herbivorous lizards is proposed.
INTRODUCTION
The fact that recent lizards did not succeed in radiating into the herbivorous niche has been a much debated topic in the past (SzARS?, 1962; OSTROM, 1963; SOKOL, 1967; POUGH, 1973; IVERSON, 1980 IVERSON, , 1982 . The absence of such a radiation is rather unexpected as there are some substantial advantages to a herbivorous life-style. Not only is there a relatively high food abundance, but foraging costs will be much lower than for an insectivorous or carnivorous animal.
Although the large majority (97%) of lizards are considered to be insectivorous, carnivorous or omnivorous (GREENE, 1982) it must be noted that, as more is becoming known about the feeding ecology of lizards, a rather large number of these "insectivorous" species also include plants into their diet (see for example: GREENE, 1982; CASTILLA et al., 1991) . These observations thus prompt the need for a definition of "herbivorous" lizards. In general, only those species consuming predominantly plant material throughout their active season in their natural habitat are considered "true" herbivores (e.g., up to 95% for Uromastix acanthinurus;
see DUBUIS et al., 1971) .
Using this definition the number of known herbivorous species is drastically limited to the well-known herbivorous iguanids (e.g., Iguana iguana, Ctenosaura pectinata, Amblyrhynchus cristatus, Dipsosaurus dorsalis), a number of chamaeleonids (Uromastix sp., Leiolepis belliana, Hydrosaurus sp.), the herbivorous scincid Corucia zebrata (possibly also some representatives of the genera Macroscincus, Egernia and Tiliqua) and a number of species from the genera Klauberina (Xantusiidae) and Cnemidophorus (Teidae) (see also King, 1996) . Obviously, vertebrates that subsist on a vegetable diet will, as they cannot digest cellulose, show a number of adaptations to increase the efficiency of the digestive machinery (the so-called gut processors), the feeding apparatus (mouth processors), or both. Adaptations of the feeding apparatus in mammals and numerous extinct groups of herbivorous reptiles typically include 1) changes in the dental structures and tooth replacement, 2) relative movements of upper and lower jaws in the horizontal plane (either medio-lateral or antero-posterior), and 3) modifications of the jaw musculature allowing not only high bite forces but also maximal force production with closed or nearly closed jaws (see KING, 1996) .
Previously, several authors (SzARSKI, 1962; OSTROM, 1963; SOKOL, 1967; POUGH, 1973) remarked that lizard herbivores apparently show no, or extremely few morphological adaptations to the nature of their diet. Still, adaptations of the dental structures have been demonstrated for a number of herbivorous iguanid (HOTTON, 1955; MONTANUCCI, 1968) and agamid (COOPER et al., 1970; COOPER & POOLE, 1973; ROBINSON, 1976; THROCK-MORTON, 1979) lizards. Additionally it turns out that a large number of "true" herbivores have a partitioned colon with large numbers of commensal micro-organisms and nematodes (IVERSON, 1980; TROYER, 1984; BJORNDAL et al., 1990; FOLEY et al., 1992) . A partitioned colon slows down the food passage (TROYER, 1984; KARASOV et al., 1986 ) and provides a fermenting chamber, thus increasing the digestive efficiency. Although the lizard skull is usually described as being streptostylic (VERSLUYS, 1912; FRAZZETTA, 1962; IORDANSKY, 1990) and thus theoretically allows propalineal movements of the lower with respect to the upper jaw, streptostyly
